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(57) [Abstract] 

[Problem] When forming Cu film with CVD method with Cu (hf 
ac)(t mv s) cocktail as starting material, the thermal stability is 
improved, nucleation is induced satisfactorily, low temperature 
isand rricrovoid makes difficult to occur with low resistance. 
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[Means of Solution] Starting material for Cu - CVD process addi 
ng tmvs and Hhfac* 2 H20 vis-a-vis theCu(hfec)(tmvs), is ' 
liquid starting material which is made, addition proportion oft 
mv s for the Cu (hfac)(t mv s) is included by range of 1 to 1 0 
wt%, addition proportion of Hhfac * 2 H20which is a catalyst 
is included in range of 0. 1 to 0.01 wt% addition proportion of 
preferably t mv s is 5 wt%, addition proportion of Hhfac * 2 
H2Oisthe0.04wt%. 



IB*S1] Cu (Mac) (tmvs) CSLt 
tmvs<i:Hhfac-2H 2 O £ jg »D I, T ft b *l 5 » 

SlSSrtT?JlDJ»ttffiTBES * tifc*tta)SMrc C VDJi 
fc«fc y CuI?Mt§Of:gfflStl4Cu-CVD^ 

mJfH tmvs G>«JdS0**< 1 - 1 0 w t %CD^0lC-&£ 
tl. WEH h f a c • 2 H 2 O<D$gilQ&J^#0. 1 

C VD?p-trx/8JS*4 0 



[»*fl2] TltrlBt mv s<OSijDSlJ^A<5 w t %T*fc 
y . H&IBH h f a c • 2 H 2 00)>SflD*J*#0 . 0 4 w 
t 96-C**Zit»«tr*»#aiB«©Cu-CV 
D?D-fe*JBD|W. 

[»*S3] Cu (hfac) (tmvs) CStt 
tmvs£Hhfac-2H 2 O £j8Jn L X ft b ftfcJS 



[Qaim(s)] 

[Claim 1] Adding tmv sand Hhfac * 2 H20 vis-a-vis Cu (hfac) 
(t mv s), being a liquid starting rmterial which is rmde, 
evaporating, it is a starting material for Cu - CVD process which 
is usedin order to form Cu film with CVD rrethod in surface of 
substratewhich is introduced into reaction charrber, inside this 
reaction charrber is arranged withthe heated state, 

Addition proportion of aforementioned t mv s is included by ra 
nge of the 1 to 10 wt%, starting material for Cu - CVD process 
which designates that addition proportion of theaforerrentioned 
Hhfac * 2 H2O is included in range of 0. 1 to 0.01 wt% as 
feature. 

[Claim 2] Addition proportion of aforementioned t mv s is 5 w 
t%, starting material for theCu - CVD process which is stated in 
Claim 1 which designates that addition proportion ofthe 
aforementioned Hhfac * 2 H2O is 0.04 wt% as feature. 

[Qaim3] Adding t mv s and Hhfac * 2 H2O vis-a-vis Cu (hfac) 
(t mv s), with starting material cortfainerwhich aaxDmrrodates 
liquid starting material which was rmde and through liquid pipe 
frorrthis starting material container, in Cu - CVD equipment 
where aforementioned liquid starting material is suppliedand and 
this vaporizer which evaporates has, introduces starting 
material which evaporates into reaction charrber and forms Cu 
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film in surface ofthe substrate with CVD method, 

As for aforementioned liquid starting material which is accomm 
odated in theaforementioned starting material container Cu - 
CVD equipment v^ch designates that it is a starting 
material which is stated in any one claim of Claim 1 ,2 as feature. 



[000 1] 

LfcCu-CVD^PWffllWti, C0S*4£*JfflL 
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[^*oRi] *Mtmm\B\& (LSD ^jsjh*** 
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[0003] CVDSS*«fflLfc**»tt<3!)J«H-ett % 

»**i/CH£ 0 C uj£JS<7)C VD^n-trXT-l*, Jm*4<Jr 

■fe h± hftigffl (JsiT-C.14 TCu (hfac) (tmv 
s) j fclB-T) <Dr££ttSttET?*(*T?*£j8--S^ 



[0004] 

[«WA<*RLJ:3 trSSSl] ±IBCu (hfac) 

(tmvs) lijfttJVftiffeLj. ttltRB-esKftMflid 

ac) (tmvs) te«¥M#JjRfl-e&y (I7?ny 
*y • 7>K • 'T$.t>)lX#.<D TCupraSelect J (fift 



[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention regflrds Cu - 
CVD equipment which is formed making use of starting 
material and this starting material which for Cu - CVD process 
are suited in order to formtheCu filmfor metallization of 
satisfactory film quality on substrate making useof CVD 
method 

[0002] 

[Prior Art] With large scale integrated circuit (LSI) and liquid cr 
ystal display (LCD) or other production step which produces 
thin fibrin surface of substrate exists. With this thin film 
production, using CVD method which does film 
formationrmking use of chemical reaction of reactive gas is 
widely done, starting material gas is introduced from starting 
material gas supply system according to CVD method, vis-a-vis 
surface of substrate which inside reaction chamber is 
arrangedwith heated state and thin film is produced in this said 
surface making use ofthe chemical reaction 

[0003] With film formation of metallic material which utilizes 
CVD method, method whichuses organometallic compound or 
organometallic complex which is a liquid with ambient 
temperature ambient pressure recently,as starting material is 
adopted With field of metallic material for wiring copper (Cu) 
which possessesthe low specific resistance with high migration 
resistance it is made powerful as metallization material ofthe 
next generation. With CVD process of Cu film formation, 
organometallic complex of -diketone which is a liquidwith 
trimethyl vinyl silyl hexafluoro acetylacetonate acid salt 
copper (Below n Cu(hfac)(tmvs)" with you inscribe. ) or 
other ambient temperature ambient pressure as starting 
material is used 

[0004] 

[Problems to be Solved by the Invention] Above-mentioned Cu 
(hfec)(t mv s) is liquid starting material, flow control it is done 
with the liquid state, is introduced into reaction chamber with 
evaporation state, pure Cu (hfac)(t mv s) is standard starting 
material and ( Air Products and Chemicals Inc. 11 Cu praSelect " ( 
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, 1 1 ijoSto 5 w t % t m v s I; J; ot^^ttM 
MSI4LT(D0. 4 w t %H h f a c ■ 2 H 2 0£i§flQ 



registered tradenHrk ) with it is called product ),Cu film vvWch 
film formation is done thefilm quality is satisfactory, but 
modified it does gradually with ambient tenperature,there is a 
problem that thermal stability quite is bad Then, until recently, 
starting material where it can add additive in order toraise 
stabilization with ambient terrperature was used This starting 
material is called Cu(hfac)(tmvs) cocktail. With this Cu 
(hfac)(t mv s) cocktail, presently, as for representative 
cocktail starting material, t mv s(trimethyl vinyl silyl) of 5 wt% 
(weight percent)is added vis-a-vis Cu (hfac)(t my s ) of for 
example pure liquid starting material, Hhfac * 2 H20 
(hexafluoroacetyacetone * die hydrate) of 0.4 wt% (weight 
percent)being added furthermore as catalyst, is made, liquid 
starting material where t mv s of 5 wt% is added below , vis-a-vis 
Cu (hfac)(t mv s) is called "5 % cocktail starting material " with 
When this 5 % cocktail starting m aterial is expressed with 
Chemical Forrrula, it is possible to showwith ibrrmla^Cu 
( hfacX t mv s) + 5 wt°/ot~mv s + 0.4wtgTHEtac * 2 H2 O. 
_thermal stability is improved according to this 5 % cockta il 
starting material, by 5 wt% t mv s of the 1st additive. But, with 
just this additive film-growing with nucleation step become s 
cBrect. t hen, nim-growing with nucleation s te p has been 
i mproved 6y a dding 0.4 wt% Hhfac * 2 H2Qas catalyst which is 
a 2nd additive. ~ " ~~ 



[000 5] LfrL&^b, ft£tf)5%rt2 J f;i/jf *4T* 
Its »»5Cu (hfac) (tmvs) (ZttlSLT, 

tf>&#£[S3@WT*0. 4 w t %H h f a c • 2 H 2 O 
ZtUXtzZt&mBX^ 2 0 0°CUT<Df$.m3kftT's fit 

nou-fc-i k (o. 1 u™w&o)mmo)ztT*&z>) 



[0006] 4js, zzv*ft9Hzum+*bmt>tii 

4 17 0 O'tlrT'&Zo ZQXWUzS&TflttlZWm, ft 
ftZifCfclNT, flH4>#K*&£ LT, Cu (h f a 

c) (tmvs) *<DJBttfc<Z)l&flU0d?S:< 

*B(=BBLTlS-tt*»i:SlS#afi<Dffiaii:l^»*4 
j|j£LTl^p »2(0i«l4^««2 7 047 0 5 



[0005] But, with conventional 5 % cocktail starting material, b 
y comparison with pure Cu (hfac)(t mv s), as for thermal 
stability itwas irrproved, but other aspect, fact that 0.4 wt% 
Hhfac * 2 H2O is addedwith object which assures irrprovement 
of film-growing with the nucleation step being cause, with film 
formation condition of200°C or below 1 resistan ce 
becorreshigh concerning film quality, irrpuritv increases, 
problem that israised nicrovoid (It is gap ar^oximately of 0. 
1 m ) occurs in film "~* 

[0006] Furthermore, public knowledge literature which is thoug 
ht that it is related to thethis invention here, 2 case is 
enumerated first literature is Japan Patent 2641700 number. 
Is disclosed in this literature as for invention which, vapor of 
Cu (hfac)(t mv s), there is a feature in using at least for 
thevolatility ligand or ligpnd hydrate and simultaneous of ratio 
of 1 vol% of vaporof copper complex in proposing that copper 
membrane which possesses thesatisfactory characteristic in 
regard to rretal electricity interconnect constitution ( 
metallization ) between theequipment in integrated circuit is 
used, as preparation method of copper membrane. Because of 
this effect, uniformity improvement and promotion of 
thevapor deposition rate in regard to film formation of copper 
merrbrane is achieved second literature is Japan Patent 
2704705 number. Invention which is disclosed in this literature, 
with CVD method whichis suited for mass production of 
metallic membrane, has proposed solution whichconsists of 
organometallic compound and solvent as effective starting 
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[0007] ^KWCDStol*. ±KHH**fct4Ci: 

\Zfol>) % Cu (hfac) (tmvs) * <7 x^JS^ 
C V D ^PtXfflUSSftl L t C u RS»At i C u 



[0008] 



[000 9] *3eW(Cfi&SC u-CVD^PtXffiIS 
It Cu (hfac) (tmvs) KfcfLT tmvsi 
Hhfac 2H 2 0*3B3llDLT#&*lSai*fl(»'e* 

y, a<*o)**aas«»LTafc»i=3i6ti, 

»fiErS<D(=ffiffl4tL*. *flO«*«»««tt, Cu (h 
fac) ( t mv s) lZjD*&tl5jSJ0#J(=SILr, t 
m v s <DBADM£tf 1 ~ 1 0 w t %fl)IBH(C^S 
OMHt*S)^H h f a c • 2 H 2 OCD)£ADilJ£A<0. 1 

-o. o 1 w t %(©teH(=**ti€>zfc-efts 0 



[0 0 10] ±fE0)Cu-C VD^PtXlEiSflt 
ltt*a>«ittf5%*^x;ufli»(zJBJn4nfitt«4: Lt 
OHh f a c ■ 2H 2 0<D»aDtJ«$Aia«ll=|RSr 
*C-fc(zj:y, ±fB0>§M, «*lzCuB<©BH«rft»ft 

»>HT*Zi:*<prt6ift*o *f:Hh fac- 2 H 2 0(D 

aap*j^*<o. i-o. o 1 w t %0i5s<D*ic^^tL 

TPB^HLH h f a c ■ 2H 2 O(DgiDilJ^A<0. 0 1 

$>o 0. 0 1 w t 96*9JT?I4, Cu (hfac) ( t m 
v s) ICH h fac - 2 H 2 OSSSJinLfcCifCfcSS 

KfCglLH h f a c - 2 H 2 OftftftDtHfttfO. 1wt 

(i Q • cmi U*< ftS. C<0«fc5ftC uli, 

I CBEtt(zfflL\b*iTl*SA I B0J*«fiUy**< ft 



material, to utilization 

[0007] As for obj ect of this invention, Times when above-rrent 
ioned problemis solved to be, With Cu (hfec)(t rrw s) cocktail 
as starting material when forming Cu film with CVD method , 
the thermal stability to be good, nucleation being induced 
satisfactorily, low terrperaturebeing and using starting material 
for Cu - CVD process, and starting material for this CVD 
processwhich are suited for Cu filmproduction of satisfactory 
filmqualitywhich rricrovoid is difficult to occur with low 
resistance it is to offerthe Cu - CVD equipment which forms Cu 
film 

[0008] 

<rreans and action in order to solve problem >The this invent 
ion is formed in order to achieve above-mentioned objective, 
thefollowingway. 

[0009] While starting material for Cu - CVD process which relat 
es to this invention adding thet nw s and Hhfac * 2 H2O vis-a- 
vis Cu(hfac)(tmvs), is liquid starting material which is rmde,is 
liquid controlling flow, it is sent by vaporizer,evaporates here 
and is introduced into reaction charrber, furthermore it isused in 
order to formCu film with CVD method for surface of 
thesubstrate which inside reaction chamber is arranged with 
heated state. As for featured composition, addition proportion 
oftrnvsisircluu^byrar^oflhe 1 to 10 wt%inre^rdto 
additive which is added to Cu (hfac)(t rw s), it meansthat 
addition proportion of Hhfac * 2 H2O which at sarre time is a 
catalyst isincluded in range of 0.1 to 0.01 wt%. 

[00 1 0] With starting material for above-mentioned Cu - CVD p 
rocess, above-menti onedobj ect , film quality of especially Cu 
filmis designated as satisfactoryones by adjusting addition 
proportion of Hhfac * 2 H2O as catalyst which is addedto 
conventional for example 5 % cocktail starting material 
optimum trace amount, it becomes possible to cancel problem 
whichit occurs with conventional 5 % cocktail starting material 
etc. In addition reason that is as follows it is desirable for 
theaddition proportion of Hhfec * 2 H2O to be included in 
range of 0. 1 to 0.01 wt%. When addition proportion of Hhfec 
* 2 H2O is under 0.01 wt% in regard to lower lirritof range, film- 
growing with nucleation step becomes defect. Under 0.01 wt%, 
being shown in technically due to adding Hhfac * 2 H2O tothe 
Cu (hfac)(t rw s) beneficial effect stops. When addition 
proportion of Hhfac * 2 H2O becomes nt>re than 0. 1 wt% in 
regard tothe upper lirritof other and range, specific resistance 
of Cu film which isformed becomes higher than 2.0 -cm 
As for this kind of Cu, there are even times when it becomes 
highin comparison with specific resistance of Al membrane 
which from untilrecently is used for IC metallization 
Furthermore this kind of Cu film includes multiple rricrovoid in 
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merrbrane. Therefore, as for this kind of Cu film it cannot use 
for IC metallization. 



[001 l] ±IB0**WlcflS*Cu-CVD:/nfc;* 

fflflt»i=fei^r, #*l<w\ ±Et mv somtum^ 

^5wt %T*&U > ±!HH h f a c • 2 H 2 OCO&flOflJ 

£tfo. 04wt%tfcs:i*ftftt4. 



[0 0 1 2] *fc*5668lcR4C u - C VDSSffitt, c 
u (hfac) ( t m v s ) iZftLX t m v s t H h f 
a c ■ 2 H 2 0tjBiDLTft6*lfcaSft«»*JR»r4 

fift* *ifcW»tfijCKS«c»A LCV DSfelZck oT*tt 

oiffic c u 5 c u - c v Dgfr-j) y , * 

5 c u - c v D :/n-fexffljf z t * ^tt%> 

o * x ^5Cu-CVD^P-bXffl|R»*S^TjEl6SlC 



[0013]. 

[0 0 14] 81 *#HBLT*«B8^ffi6Cu-C VD 

8»*KWt4. :fl)Cu-cvo«ii % KJSSi 1 
3(&SiHfc, cvDSiriotCu (£JS^) 

fa4o 



[0015] &j£^i i izfci»T£t£*;u$r 1 2\tm& 



[0011] Addition proportion of preferably and above-mentione 
d t mvs is 5 wt% inthe starting material for Cu -CVD process 
which relates to above-mentioned this invention, itdesignates 
that addition proportion of above-mentioned Hhfac * 2 H20 is 
0.04wt%asfeature. 

[0012] In addition relates to this invention as for Cu - CVD equi 
pment which, Adding t mv sand Hhfac * 2 H2O vis-a-vis Cu 
(hfac)(t nw s), accommodates theliquid starting material which 
was made starting material container which, Through liquid pipe 
from this starting material container, it has with vaporizer to 
which thethis said liquid starting material is supplied and and this 
evaporates, it introduces starting material which evaporates into 
reaction chamber and it is a Cu - CVD equipment which fornB 
theCu film in surface of substrate with CVD rrethod, 
furthermore itdesignates that it is a starting material for Cu - 
CVD process where liquid starting material which 
isaccommodated in starting material container relates to 
aforementioned this invention asfeature. When Cu film is 
formed in surface of substrate which is arrangedin reaction 
chamber making use of starting material for this Cu- CVD 
process, according to thisCu - CVD equipment, Cu film which 
possesses above-mentioned characteristic can beforrraL 

[0013] 

(Brixxiirnent of Invention] Below, preferred embodirrent of th 
. is invention is explained on basis of attached figure. 

[0014] Referring to Figure 1 , you explain Cu - CVD equipment 
which relates to thethis invention This Cu - CVD equipment is 
carried in reaction chamber 11 and and in surface of substrate 
13of for example one layer which is installed in substrate holder 
12, it is a equipment whichaccumulates thin film of Cu (rretallic 
copper) with CVD method substrate 13 every one layer is 
carried in reaction chamber 1 1 . unshown load lock chamber 
through gate valve 14, it is connected to reaction chamber 1 1 
of the CVD equipment. By substrate transport arm, through 
gate valve 14 which was opened, untreated substrate from load 
lock charrberside is carried into reaction chamber 1 1 , substrate 
13 which in addition filrr>forrringprocessconpletes from 
reaction chamber 1 1 is carried out to load lock charrber side. 

[0015] Substrate holder 12 has almost maintained substrate 13 i 
n horizontal in reaction chamber 11. It can provide adjustment 
tube 1 5 in order to supply starting material gasfacing toward 
substrate 13 in upper position of substrate 13. As, as for 
adjustment tube 1 5, top end is locked by ceiling part 1 1 a ofthe 
reaction chamber 11, upper side amount it is a tubular whose 
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diameter is small, it getsnear to substrate 13 diameter is 
gradually expanded and it has possessedthe shape where 
continuous curved part is forrred bottom opening part of 
adjustment tube 1 5, it possesses big diameter incornparison with 
diameter of preferably substrate 13, approaches to outer 
perimeter edge of the substrate 13. Adjustment tube 1 5 has had 
shape which is similar to ^jp 11 > of musical instrument as 
entirety. Adjustment tube 1 5 which possesses this shape flow 
of starting material which is supplied with gaseous state has had 
starting material gas adjustment function in order to adjustthe 
desirable state with vicinity region of substrate surface. 

[0016] In addition heating mechanism 16 is built into inside of 
substrate holder 12. temperature control mechanism (not 
shown) is installed by heating mechanism 16, because of this 
temperature ofthe substrate 1 3 adjusts desirable optinum 
temperature, film formation temperature which is necessary in 
order film formation to do Cu film, incase of this embodiment, 
is temperature where 200 °C or below is low relatively inthe 
surface of substrate 13. 

[0017] In addition, exhaust port 17 in order to do exhaust is fo 
rmed in side wall of reaction chamber 11, exhaust pipe 18 is 
connected by this exhaust port 17, furthermore theexhaust 
mechanism 19 is connected to tip of exhaust pipe 18. interior 
of reason chamber 1 1 is kept in necessary vacuum state by 
exhaust mechanism 19. It is a for example 10 Torr as internal 
pressure. 

[00 1 8] Next, you explain concerning starting material , and raw 
material supply mechanism which aresupplied to interior of 
reaction chanter 11. 

[00 1 9] Liquid starting material 2 1 is accommodated in inside of 
starting material container 20. As liquid starting material 21, 
Cu (hfac)(t mv s)(trimethyl vinyl silyl hexafluoro 
acetylacetonate acid salt copper) which is a or^nometallic 
complex and, starting material where in thisthe t mv 
s(trimethyl vinyl silyl) and Hhfac * 2 H2O 
(hexafluoroacetyacetone * die hydrate) are added at specified 
ratio is used Above-mentioned Cu (hfac)(t mv s) is liquid with 
ambient terrperature ambient pressure. In addition addition 
proportion where t mv s is desirable is included by therangp of 1 
to 10 wt%, addition proportion where Hhfac * 2 H2O is 
desirable is includedin range of 0. 1 to 0.01 wt%. Especially, as 
for most desirable addition proportion, t mv s is 5 wt%,the 
Hhfac * 2 H20 is 0.04 wt%. Above-nxntioned t mv s is used, 
as additive which raises thermal stabilitythe Hhfac * 2 H2O is 
used as catalyst which promotes film-growing of nucleation step. 
Especially it becomes possible to designate film quality of Cu 
filmwhich is formed to surface of substrate 13 by setting 
addition proportion of theHhfac * 2 H2O to above-mentioned 
or other trace amount, as satisfactory ones. By pipe 22 
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He(helium) gas is applied by inside of starting material 
container 20, in the liquid starting material 21 pressure due to 
He gas is added liquid starting material 21 is pushed out to 
liquid pipe 23 by this pressure . 

[0020] Liquid pipe 23 has connected starting material container 
20 and vaporizer 24, on middle theliquid flow controller 25 is 
provided As for liquid starting material 21 which from starting 
material container 20 is supplied to vaporizer 24, thesupplied 
amount is controlled by liquid flow controller 25. liquid starting 
material which is supplied to vaporizer 24 is converted by 
vapor phasewith vaporizer 24, is supplied to inside 
aforementioned adjustmenttube 1 5 through pipe 26 with H2 
(hydrogen) gas and Ar(argon) gas or other carrier gas, as 

starting material gas. This way, liquid starting material 2 1 which 
is displayed with formula, for example Cu (hfac)(t mv s) + 5 
wt% t mv s + 0.04 wt% Hhfac * 2 H20,throu$i adjustment tube 
1 5 with gas state, is introduced into thereaction chamber 1 1 . 

[0021] Next, you explain concerning filmquality of Cu filmwhi 
ch is formed bythe Cu - CVD process due to this invention in 
above-mentioned Cu - CVD equipment. I king liquid starting 
material 21 which is displayed with experimentally above- 
mentionedCu (hfac)(t mv s) + 5 wt% t mv s + 0.04 wt% Hhfac 
* 2 H2O, inside reaction chamber 1 1 it accumulates Cu filmin 
surface of thesubstrate 1 3 with Cu - CVD process. With this 
experimental CVD - Cu accumulation, with standard condition 
(flow :300 seem of filmforrration pressure :10Torr and 
carrier gas (H2 ), flow (LM2100 actual style value): 0.44 g/rrin 
of liquid starting material), at same time thefilm formation of 
lOninwas done with substrate temperature 170 °C 

[0022] Adding t mv s and Hhfac * 2 H2O here vis-a-vis Cu (hfa 
c)(t mv s), concerningthe liquid starting material which becomes, 
below , addition proportion of Hhfac * 2 H2O theconventional 
liquid starting material of 0.4 wt% "0.4 % cocktail "0.04 % 
cocktail " with it calls liquid starting material addition 
proportion of theHhfac * 2 H2O due to this ernbodiment of 0. 
04wt%. 

[0023] Using 0.04 % cocktail, contrasting with those which use 
0.4 % cocktail concerningthe filmquality of Cu film which was 
formed, impurity concentration in specific resistance andthe 
morphology and membrane is examined 

[0024] In regard to specific resistance ( -cm), graph of film 
formation temperature dependence of each specific resistance 
of the0.4 % cocktail and 0.04 % cocktail is shown in Figure 2. 
straight line 3 1 specific resistance of bulk, has shown 1 .73 

-cm with Figure! It calculated specific resistance, with film 
thickness which is observed fromthesheet resistance and SEM 
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[002 7] 
[«1] 



of Cu film As been clear from graph of Figure 2, 0.04 % 
cocktail be able toacquire Cu film of low specific resistance 
(Approximately 1.9 -cm), in case of 1 80 °C caractualize 
specific resistance like bulk even with low terrperature 170 °G 
Vis-a-vis this, in case of 0.4 % cocktail, unless it sets to 
tenperaturewhich is higher than 200 °C, specific resistance 
below 2 -cm cannot beacquired 

[0025] Concerning morphology, 0.04 % cocktail only use as fo 
r Cu film which wasformed with standard condition, surface 
being flat, according to theobservation of cross section SEM it 
could discover existence of nicrovoicL Using 0.4 % co cktail vifr; 
a-vis this, with Cu film which was formecL themanv microvoid 
were observed in film Observation example of microvoid is 
shown in Figure 3 and Figure 4. Observation example of Figure 
3 is cross section photograph which shows internal structure 
ofthe Cu film which is produced with 0.04 % cocktail due to this 
enixxiirnent,observation example of Figure 4 is cross section 
photograph which shows internal structure ofthe Cu film which 
is produced with conventional 0.4 % cocktail. With Cu film of 
Figure 4 microvoid occurs with Cu film of the Figure 3 vis-a-vis 
microvoid not occurring. 

[0026] Furthermore those which compare conventional 0.4 % 
cocktail and 0.04 % cocktail concentration ofthe impurity (F,C, 
O) in membrane of Cu film concerning are shown in thebelow- 
mentioned Table 1. Furthermore film formation condition, 
flow :0.44 g/rrin of liquid starting material, flow :300 seem 
ofthe H2 , is filmformation temperature : 170 °C and 
pressure : 10 Torr. impurity concentration in membrane of Cu 
film which is produced with 0.04 % cocktail, when 0.4 % 
cocktail is used, compared to, has become one magnitude low. 

[0027] 
[Table 1] 





atoms/ cm 


atoms/ cm 


atoms/ cm 




Z8X10 21 


1.0X1Q 20 


4.3 xlO 19 




1.0X10 20 


I.OxlO 19 


aoxio 18 
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[0028] It is possible from temperature region where 170 °C wh 
ich is superior in the embedding characteristics is low relatively, 
film-forming rate furthermore to temperature region which 
the220 °C which it increases relatively is higjh, with film 
formation tenperature,therefore, with this invention, as shown 
in Figure 2, furthermore tomaintain desired low specific 
resistance uniformly, it can select process margin forthe film 
formation temperature widely. 
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[0029] 

[Effects of the Invention] As been clear in explanation above, i 
n this invention we depend, In surface of substrate Cu filmis 
formed with Cu - CVD process to when, Adding tmvs and 
Hhfac * 2 H20 in Cu (hfac)(t mvs)as starting material, it uses 
theliqirid starting material of cocktail condition which becorres 
time, Because addition proportion of Hhfac * 2 H2O which is a 
catalyst is set to trace amount (0. 1 to 0.01 wt%),it maintains 
thermal stability satisfactorily, as for film-growing with 
nucleationstepbeing satisfactory it ispossible to form Cu film 
where specific resistance islow with of course, low temperature 
state furthermore loses microvoid, also theconcentration of 
impurity can decrease with this Cu film Cu film of narrely, 
satisfactory film quality can be produced Furthernr>re 
according to Cu - CVD equipment of this invention, in order to 
use theliquid starting material of aforementioned this invention, 
because it constitutes, itpossesses effect that it can form 
satisfactory Cu film of the film quality. 



[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a configuration diagram which shows one exam 
pie of Cu - CVD equipment which relates to thethis invention. 

[Figure 2] Using starting material for Cu - CVD process, which 
relates to this invention it is agraph which shows specific 
resistance characteristic of Cu film which was formed 

[Figure 3] It is a photograph which shows cross section structur 
e of Cu film which is producedmaking use of 0.04 % cocktail due 
to this embodiment. 

[Figure 4] It is a photograph of cross section structure of Cu fil 
m which is produced making useof conventional 0.4 % cocktail. 

[Explanation of Reference Signs in Drawings] 



11 reaction chamber 

12 substrate holder 
1 3 reactors plate 

14 gate valve 

15 adjustment tube 

16 heating mechanism 

17 exhaust port 
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[Figure l] 
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[Figure 2] 
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